Purpose: Bile duct dilatation is a relatively common sonographic finding; nevertheless, its clinical significance in children is controversial because little research has been done in the area. Therefore, we investigated the natural course and clinical significance of biliary duct dilatation in children. Methods: We performed a retrospective study of 181 children (range, 1-day-old to 17-year-old) in whom dilatation of the intrahepatic duct and/or common hepatic duct and/or common bile duct was detected by abdominal ultrasonography at the Severance Children's Hospital between November 2005 and March 2014. We reviewed and analyzed laboratory test results, clinical manifestations, and clinical course in these patients. Results: Pediatric patients (n=181) were enrolled in the study and divided into two groups. The first group included 59 subjects, without definitive cause of bile duct dilatation, who did not require treatment; the second group included 122 subjects, with definitive cause of bile duct dilatation or underlying biliary disease, who did require treatment. In the first group, 24 patients (40.7%) showed spontaneous resolution of bile duct dilatation, 20 patients (33.9%) showed no change, and 15 patients (25.4%) were lost to follow-up. In the second group, 31 patients were diagnosed with choledochal cysts, and 91 patients presented with biliary tract dilatations due to secondary causes, such as gallbladder or liver disease, post-operative complications, or malignancy. Conclusion: Biliary dilatation in pediatric patients without symptoms, and without laboratory and other sonographic abnormalities, showed a benign clinical course. No pathologic conditions were noted on follow-up ultrasonography.
INTRODUCTION
By convention, the upper normal limit for the diameter of the common bile duct, measured by ultrasound, is 7 mm [1] [2] [3] [4] . Although these criteria are generally accepted, what is considered normal bile duct diameter is somewhat controversial because of the vagueness of the age criteria and various conditions, such as previous cholecystectomy, drug treatment, and the imaging modality itself that can affect the diameter measurement [5] . The ease and convenience of ultrasonography have led to its in- creased use for abdominal examination; the increased use of abdominal ultrasound has led to more frequent observation of biliary dilatation. Although bile duct dilatation has become a common sonographic finding, the clinical significance of asymptomatic bile duct dilatation has been controversial; there has been little research in this area to provide sound guidelines. In adults, asymptomatic biliary dilatation should be carefully evaluated because of the possibility of malignancy [6] . However, the causes of bile duct dilatations in the pediatric population differ from those of adults, with a lower prevalence of malignancy and higher prevalence of congenital anomalies [7] . Ultrasonography is a very sensitive and specific technique for diagnosing biliary diseases, as demonstrated in several studies [8, 9] . We hypothesize that patients with localized biliary dilatation have a higher probability for a benign clinical course and prognosis. The aim of this study was to identify the natural course and clinical significance of incidentally discovered biliary tract dilatations in pediatric patients with normal liver enzymes, by analyzing resolution rates, final diagnoses, sites of bile duct dilatations, patients' characteristics, and laboratory tests.
MATERIALS AND METHODS
We retrospectively evaluated 181 patients aged 0-17 years with biliary tract dilatation (intrahepatic duct, common hepatic duct, and common bile duct dilatation) as shown by sonography performed between November 2005 and March 2014 at the Severance Children's Hospital (Seoul, Korea). Ultrasound was performed for a variety of signs and symptoms, such as vomiting, abdominal pain, abdominal mass, jaundice, and fever of unknown origin. Patients with established choledochal cysts who were referred from other hospitals were excluded. Patient age, site of the biliary tract dilatation, laboratory test results, ultrasound findings, follow-up duration, and dilatation resolution were analyzed. We divided patients with biliary tract dilatation into two groups: one group consisted of patients with primary ductal dilatation with normal laboratory and sonographic findings; the second group included patients with ductal dilatation secondary to other diseases. We used the following diagnostic criteria for this study: normal common bile duct diameter, measured by abdominal ultrasonography of neonates was ＜1 mm, infants ＜2-3.5 mm, older children ＜4 mm, adolescents, and adults ＜7 mm. Normal internal diameter of the common hepatic duct, measured by abdominal ul-Pediatr Gastroenterol Hepatol Nutr trasonography of infants was ＜2 mm, older children ＜3 mm, and children aged 12 to 16 years ＜4 mm [1, 2] . Two experienced pediatric radiologists performed ultrasonography. We defined the resolution group as those who showed spontaneous resolution to normal bile duct diameter in follow-up ultrasounds, and the non-resolution group as those with persistent bile duct dilatation. We used K-test, Mann-Whitney test, and chi-square test for comparisons between groups. The Statistical Package for the Social Sciences (PASW Statistics ver. 18.0; IBM Co., Armonk, NY, USA) was used for all analyses.
RESULTS
Of 11,859 abdominal ultrasonography procedures that were carried out during the period, 181 cases satisfied the inclusion criterion of dilated duct(s); 11,678 cases did not fulfill the inclusion criterion and were excluded (Fig. 1) . Twenty-five patients (13.8%) had a hepatobiliary surgical history, where the dilatations appeared to result from post-operative complications. Thirty-one patients (17.1%) had congenital anomalies, such as a choledochal cyst or anomalous pancreaticobiliary ductal union. Thirty patients (16.6%) had gallbladder disease, and 18 patients (9.9%) had liver disease (1 hepatitis B virus infection, 1 fibropolycystic liver disease, 16 nonspecific reactive hepatitis). Fourteen patients (7.7%) were diagnosed with pancreatitis, trauma, malignancy, or hemangioma. Four patients (2.2%) had cholestasis with jaundice (3 total parenteral nutrition induced cholestasis, 1 drug induced cholestasis). Fifty-nine patients (32.6%) showed primary ductal dilatation without any apparent cause (Table 1) . Among the 59 patients with primary ductal dilatations, 44 patients (74.6%) underwent follow-up ultrasound scans, with a mean follow-up period of 28 months (range, 1-95 months). Fifteen patients (25.4%) were lost to follow-up. Twenty-four cases of primary ductal dilatation (40.7%) resolved gradually (these patients comprised the resolved group). In the remaining 20 cases, dilatations (33.9%) did not resolve until the last evaluation (median follow-up duration: 1 year 3 months; these patients comprised the non-resolved group) (Fig. 2) . When we compared laboratory tests between the primary and secondary ductal dilatation groups, aspartate transaminase and alanine transaminase were significantly higher in the secondary ductal dilatation group (p＜0.001; Table 2 ). However, this result might be biased due to the heterogeneity of the secondary ductal dilatation group. When we compared laboratory test results between the resolved group and the non-resolved group of the primary ductal dilatation patients, there were no significant differences. No predictive factor associated with resolution was observed in the primary ductal dilatation patients. Furthermore, when we investigated whether there could be a factor that was predictive of resolution, none was identified that showed a difference between the resolved group and the non-resolved group of primary ductal dilatation patients (Table 3) . Comparison of the resolution rates depending on dilatation site was also conducted; patients with dilatations only in extrahepatic ducts showed the highest rate of resolution (45.8%) ( IHD: intrahepatic bile duct dilatation, EHD: extrahepatic bile duct dilatation (including common bile duct dilatation and common hepatic duct dilatation).
other diseases. We found that more patients with only extrahepatic duct dilatations belonged to the primary ductal dilatation group than the secondary ductal dilatation group (Table 5 ). All groups divided according to dilatation sites showed similar proportions of secondary ductal dilatations, but patients with only extrahepatic duct dilatation had the highest percentage of primary ductal dilatations. This difference was statistically significant when analyzed by chi square test (p＜0.001).
DISCUSSION
Reported cases of dilatated biliary tracts (such as choledochal cyst or bile duct carcinoma) have a higher prevalence in Asia than Western countries [10] . Furthermore, the majority of patients who reported having choledochal cyst disease are children. In nationwide survey of Korean children, acquired biliary diseases and congenital hepatobiliary diseases were 7.6% and 12.6% of total hepatobiliary diseases respectively [11] . Therefore, it is important to define abnormal bile duct dilatation because of its possible association with congenital malformation and pathologic conditions, such as infection, calculi, biliary dysfunction, and malignancy [6, [12] [13] [14] [15] [16] .
Ultrasonography is a useful method to evaluate the biliary tract system in children. It is rapid, noninvasive, and does not involve radiation exposure [17] . Although there have been several studies regarding bile duct measurement in children, no worldwide standards on range of normal size of biliary ducts in different pediatric age groups have been accepted [12, 18, 19] . For this study, we applied Siegel's diagnostic criteria [20] , where common bile duct dilatation was defined as a diameter greater than 2 mm, 4 mm, and 7 mm in patients 1 month, 12 years, and 16 years of age, respectively. Likewise, common hepatic duct dilatation was defined as a diameter greater than 2 mm, 3 mm, and 4 mm in patients 1 month, 12 years, and 16 years of age, respectively.
Bile duct dilatation can result from a variety of causes. The most common etiology is bile duct obstruction, which may present as acute abdominal pain and/or jaundice, and is revealed by an abnormal liver function test [21] [22] [23] . In addition, there have been several reports on biliary duct dilatation as a post-operative change [24] [25] [26] . Lee et al. [27] demonstrated that among 162 patients, 131 cases had anomalous biliary tract dilatations and 31 cases had non-anomalous biliary dilatations consisting of normal variants or resulting from secondary causes. Although we could not identify a standard diameter of the common bile duct that indicated the presence of possible causative lesions, we believe that a common bile duct diameter greater than 7 mm is an arbitrary standard that needs further evaluation, in order not to overlook significant biliary tract lesions [28] .
Occasionally, we have observed biliary duct dilatation on abdominal sonography, which was not correlated with the patient's symptoms and laboratory test results. In adults, there have been only a few studies on the prognosis and outcome in asymptomatic patients with biliary tract dilatation and normal liver enzyme test results [4, 6, 28] . However, there have been no reports regarding the causes of common bile duct dilatation in healthy pediatric populations, and no guidelines are available as to whether we should perform further study in those patients. Therefore, the aim of our study was to iden-tify the clinical significance of asymptomatic bile duct dilatation and long-term outcome in pediatric patients.
In our study, 181 patients were enrolled and of these, 59 patients (32.6%) had no causative lesion, remained asymptomatic, and kept a benign course upon follow-up study. In addition, patients with only extrahepatic duct dilatation had the highest proportion (81.4%) of primary ductal dilatation and highest rate of resolution (45.8%). Our findings are inconsistent with previous adult studies. Jeon et al. [6] reported that patients with intrahepatic duct dilatation accounted for the majority of patients with normal laboratory test results and no causative lesions.
We hypothesized that patients with localized biliary dilatation have a higher probability for a benign course and prognosis, but that the outcome may depend on dilatation site. In patients with localized biliary dilatation, the biliary duct dilatation can occur because of a temporary bile flow disturbance. Additional research is necessary to prove this hypothesis.
In our study, 74% of patients with primary ductal dilatation showed spontaneous resolution or remained unchanged during the study interval. In these patients, no pathologic conditions emerged on ultrasonography during the follow-up period.
Our study had several limitations. First was its retrospective design: patients could not be investigated under the same conditions even in the absence of symptoms. Asymptomatic patients tended to be lost during follow-up according to patient's or doctor's preference, which might have contributed to bias in the information that was recorded. In addition, because sonography has become so easily accessible, the rate of incidentally found biliary dilatation has greatly increased. Because this study had a mean follow-up period of 28 months, a longer follow-up period is necessary to obtain long-term outcomes. Furthermore, even though experienced radiologists reviewed the results, bias could have resulted from subjectivity of the radiologist and the limitations of ultrasound technology. Therefore, additional investigations are needed to evaluate long-term prognosis and outcome, and to compare clinically relevant findings in patients with similar findings by endoscopic retrograde cholangiopancreatography or magnetic resonance cholangiopancreatography.
In conclusion, incidentally discovered biliary dilatation without any symptoms or abnormalities in laboratory and ultrasound tests in children could be defined as primary ductal dilatation and considered a non-pathologic condition. This condition was associated with a relatively benign clinical course and did not require medical intervention.
